Background: Reports of post-discharge admissions for surgical site infection (SSI) in African settings are lacking. This information could assist with allocating resources within hospitals, as well as developing targeted interventions aimed at reducing post-discharge SSI. The primary objective of this study was to determine trends in admissions for post-discharge SSI at a South African quaternary/teaching hospital. The secondary objective was to determine trends in mortality rates for these admissions. Methods: This was a retrospective review of adult admissions for post-discharge SSI at a quaternary/teaching South African hospital between 2006 and 2015. Admissions for post-discharge SSI were identified using the hospital administrative database and appropriate International Classification of Disease, 10 th Revision codes. Mortality was determined from the discharge disposition for each admission. Data were analysed with simple regression and trend line statistics. The geospatial distribution of post-discharge SSI, based on the residential postal codes recorded on the hospital administrative database for each admission, was determined using the Power Map® software program. Results: There was no change in admissions for post-discharge SSI over the study period (p = 0.17). Mortality in elderly admissions declined during the study period (p = 0.03). Most admissions for post-discharge SSIs originated from urban areas. Conclusion: Despite the implementation of universal SSI prevention methods, admissions for post-discharge SSI remained consistent during the study period. Urban areas appeared to be more severely affected by post-discharge SSI than rural areas. Additional prevention methods for post-discharge SSI are required.
Introduction
Surgical site infection (SSI) is an important postoperative complication, 1, 2 and contributes towards increased healthcare expenditure and resource utilisation at healthcare facilities. 3 Postoperative surgical site infection can occur as an inhospital event or a post-discharge event. 4, 5 The incidence of inpatient and post-discharge SSI differs according to surgical procedure. 4 Inpatient data from the African Surgical Outcomes Study (ASOS) has highlighted the importance of SSI in African settings. 6 However, loss to follow up once the patient is discharged from hospital is a challenge, 7 and most studies from African settings are usually investigations of inpatient outcomes only. Even ASOS did not extend investigations of most postoperative complications beyond hospital discharge. 6 There is a gap in the literature regarding post-discharge SSI in an African setting. Addressing this deficiency could be important for three reasons. Firstly, it could assist public health specialists and surgeons in deciding how resources should be allocated within healthcare facilities for SSI-related admissions. Secondly, it could assist with the development of interventions aimed at reducing post-discharge SSI. Lastly, the demand for surgical procedures is increasing on the African continent, 8 and some of these surgical cases are at risk for SSI. 6 The primary objective of this study was to determine trends in admissions for post-discharge SSI at a South African quaternary/teaching hospital. The secondary objective of this study was to determine trends in mortality for these admissions.
Hospital (IALCH), located in Durban, South Africa. This quaternary/teaching hospital has 850 beds and offers various specialised medical and surgical services to the populace of the KwaZulu-Natal province. A description of surgical procedure rates at IALCH is provided in Table 1 . Cardiac surgery procedures were defined as procedures performed on the heart by cardiac surgeons. Noncardiac surgery procedures were defined as procedures which did not meet the definition of cardiac surgery, and are stratified by surgical sub-specialty (Table 1) .
Study sample
The study sample was comprised of all adult admissions at IALCH between 01 January 2006 and 31 December 2015, with a primary International Classification of Disease 10 th Revision (ICD-10) diagnosis indicative of SSI. The ICD-10 diagnosis codes used to identify admissions with postdischarge SSI are shown in Table 2 . In addition, ICD-10 codes were broadly classified as SSIs not involving grafts/prostheses (ICD-10 code T81.4) and SSIs involving grafts/prostheses (all remaining ICD-10 codes listed in Table 2 ).
Data source and data description
The data for this study were extracted directly from the hospital admissions database and stored as a Microsoft Excel® file in preparation for statistical analysis. Beside the ICD-10 primary diagnosis code for SSI, variables contained in the database included: date of admission, admission age and gender, discharge disposition, and residential postal code. Mortality was determined by reviewing the discharge disposition recorded for each admission in the hospital admissions database.
Data analysis
Characteristics of the entire study sample were analysed using descriptive statistical methods and are presented as frequencies and percentages, or rates with confidence intervals (CI). Simple regression and trend line analysis was used to investigate trends in post-discharge SSI admissions and mortality in these admissions. Trends analyses were stratified according to age, gender, the nature of SSI ICD-10 code, and broad surgical category (i.e. noncardiac surgery versus cardiac surgery). The direction of a trend was determined from the slope of the trend line, with a negative slope indicating a declining trend while a positive slope would be indicative of an increasing trend. The R 2 value from the simple regression analysis was used to interpret the strength of a trend. Trends with an R 2 value of < 0.5000 were considered "weak", trends with an R 2 value of 0.5000-0.7000 were considered "moderate", and trends with an R 2 value of > 0.7000 were considered "strong". The descriptive statistics and simple regression/trend line analyses were performed using Microsoft Excel®. For the trends analysis, a p-value < 0.05 was considered a statistically significant result.
The geospatial distribution of post-discharge SSI admissions was semi-quantitatively determined using the Power Map® add-on software for Microsoft Excel®. Briefly, the Power Map® add-on software uses postal codes 
Results
The study sample consisted of 1 240 post-discharge SSI admissions which were recorded during the 10-year study period. The mean age of the study sample was 46.9 years with 15.3% (190 admissions) of the study sample aged > 65 years. Six hundred and sixty eight (53.8%) admissions in the study sample were male. A total of 808 (67.1%) admissions did not involve SSI of grafts/prostheses. Mortality across the study period was 9.5% (118 admissions).
The results of the trends analysis are shown in Figures 1  and 2 . A weak, but statistically significant trend toward a reduction in mortality amongst elderly admissions with postdischarge SSI (R 2 = 0.4847, p = 0.03) was observed ( Figure  2 ). There were no other statistically significant trends for the admission and mortality outcomes investigated in this study.
The geospatial distribution of SSI admissions in this study is shown in Figure 3 . A high-density area of post-discharge SSI admissions was noted around Durban, as well as several periurban areas surrounding Durban. Post-discharge admissions for SSI from rural areas in the north and south, as well as the midlands of KwaZulu-Natal province were less common.
Discussion
Along with the inpatient findings reported in ASOS, 6 this study contributes toward a better overall understanding of SSI on the African continent. Most admissions in the study sample were of younger age. There is evidence to suggest that the risk of SSI increases up to the age of 65 years of age, following which there is a decrease in risk. 9 In addition, most postdischarge SSIs were in admissions that did not have recent Table 2 . ICD-10 diagnosis codes used to identify admissions with a post-discharge SSI
Code
Description T81.4
Infection following a procedure, not elsewhere classified
T85.7
Infection and inflammatory reaction due to other internal prosthetic devices, implants and grafts T82.6 Infection and inflammatory reaction due to cardiac valve prosthesis T82.7
Infection and inflammatory reaction due to other cardiac and vascular devices, implants and grafts T83.5
Infection and inflammatory reaction due to prosthetic device, implant and graft in urinary system T83. 6 Infection and inflammatory reaction due to implanted penile prosthesis T84.5
Infection and inflammatory reaction due to internal joint prosthesis T84. 6 Infection and inflammatory reaction due to internal fixation device T84.7
Infection and inflammatory reaction due to other internal orthopaedic prosthetic devices, implants and grafts graft/prosthesis procedures. Surgical procedures involving grafts or prostheses are more likely in older patients rather than younger patients, which might explain this finding. For example, while there has been an increase in knee arthroplasty amongst persons younger than 60 years of age, the majority of arthroplasties continue to be performed in persons older than 60 years. 10 The findings of the trends analysis suggest admissions for post-discharge SSI at IALCH, irrespective of stratification level, have remained consistent during the 10-year study period. Ideally, there should have been a declining trend in postdischarge SSI during the study period. The hospital follows the World Health Organization (WHO) recommendations for the prevention of SSI, 11 and no new policies were specifically implemented during the study period. This demonstrates that although WHO recommendations for SSI prevention have been adopted at IALCH, further efforts are required to significantly reduce admissions for post-discharge SSI. Surgical site infection is multifactorial. Although the WHO recommendations seek to prevent SSI by addressing risk factors at the facility and healthcare worker levels, addressing risk factors at the patient level is also important. A potential method of reducing post-discharge SSI is patient empowerment through health promotion and educational initiatives. These health promotion activities and educational materials should be related to risk factor avoidance and proper wound care following discharge from hospital. 12 Health promotion materials would need to be culturally relevant to African settings to be effective. Early detection and treatment of post-discharge SSI might reduce the chances of the SSI advancing to the point where it requires patient hospitalisation Figure 3 . Geospatial distribution of post-discharge admissions for SSI in this study* for treatment. Mobile phone technology has been used in the surveillance of post-discharge SSI in some settings. 13, 14 This intervention has the potential to identify post-discharge SSI at an early stage. Patients can then receive timeous treatment. As access to mobile phones in African settings is increasing, 15 post-discharge SSI surveillance through a mobile phone-based intervention in these settings should be considered.
One in ten admissions for post-discharge SSI in this study died in hospital. Overall mortality in patients with SSI in ASOS was 9.0%, but ranged between 5.2% and 22.4% depending on the extent of the SSI. 6 However, ASOS was a study of inpatient outcomes and did not investigate postdischarge complications. 6 As the mortality findings reported for this study of post-discharge SSI admissions are similar to those reported for inpatient SSI in ASOS, 6 it would appear that inpatient and post-discharge SSIs have a similar importance with regard to mortality in African settings. This once again highlights the importance of prevention of preand post-discharge SSI, as well as the timely diagnosis and treatment of SSI in African settings. Another finding of this study was a trend toward a reduction in mortality amongst elderly admissions with post-discharge SSI. However, we do believe that this finding is artefactual, and is likely explained by factors which lie beyond the scope of the dataset used in this study.
Rural patient groups have been reported as having worse postoperative outcomes (including SSI) when compared with their urban counterparts. 16 While our semi-quantitative geospatial analysis revealed high density clusters of postdischarge admissions in Durban, this finding should be interpreted with caution as it may have been influenced by our dichotomous definition of population density (whether clusters of admissions were located around a major urban centre or not), as well as the inability of the semi-quantitative analysis to account for socioeconomics, demographic group, or other potential confounders.
Strengths of this study include the large sample size and the ten-year study duration, which allowed for an appropriate trends analysis to be conducted. Another strength of this study was that the geospatial distribution of post-discharge admissions for SSI was mapped in KwaZulu-Natal. This study also had several limitations. The data used in this study were from a single, quaternary-level South African hospital. Therefore, the findings might not necessarily be generalisable to other healthcare facilities in South Africa or other African settings. There is also a possibility that some patients, such as those patients from rural areas, may have been admitted or managed for post-discharge SSI at another healthcare facility much closer to their place of residence. These would represent "missed" post-discharge SSIs. There might have also been some admissions which were incorrectly coded on the hospital administrative database as having SSI. Conversely, there might have been some admissions with a primary diagnosis of SSI which were missed. The medical informatics system at IALCH has been changed several times between 2006 and 2015, during which some of the finer details related to procedures performed at the hospital were lost. Therefore, surgical procedures have been broadly classified in this study as cardiac or noncardiac (with sub-specialties) procedures. Data related to other comorbidities and medication use were not recorded on the hospital administrative database, and therefore could not be investigated in this study. The specific cause of death could not be established for those patients who died in hospital. Lastly, there was no sub-classification of SSI according to extent (superficial, deep incisional, or organ space) in this study.
Conclusion
Despite implementation of universal SSI prevention methods, the number of admissions for post-discharge SSI at IALCH remained consistent during the study period. Additional efforts are required to reduce the number of post-discharge SSI admissions at IALCH. Such efforts would need to consider the multifactorial aetiology of SSI. A prevention package which simultaneously addresses risk factors at various levels would be best suited for reducing SSI in this setting. Patients from urban areas appear to be more affected by post-discharge SSI than patients from rural areas. Further research, which accounts for socioeconomic and demographic characteristics, is required to confirm this finding. While this study had strengths, it also had limitations which should be addressed in future studies on the topic.
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